INTRODUCTION
Granular corneal dystrophy (GCD) is a bilateral autosomal domi nant corneal dystrophy characterized by small, breadcrumblike, grayishwhite, stromal opacities (1) . In early stages, lesions occupy the anterior central stroma, but later can coalesce and occupy deeper stromal layers (2) .Visual function usually remains good until the fifth decade and most patients require no treatment as visual acuity re mains adequate for their needs. However, if opacities become denser and occupy the visual axis, corneal transplantation may be necessary. Most authors agree that typical recurrences are superficial and early involvement is noted to be central and epithelial (2) . Later on, the recurrent material adopts the classic breadcrumblike appearance of GCD, gradually involving subepithelial and stromal layers. Lyons et al. (2) , reported that the time of recurrence can range from 13 to 73 months and shows no significant difference between penetrating keratoplasty (PK) and lamellar keratoplasty (LK). This case report des cribes the clinical, histopathological and molecular genetic findings of an atypical case of GCD recurrence.
METHODS
The corneal specimen was stained with hematoxylin and eosin, Congo red, Masson trichrome and periodic acidSchiff (PAS). After pretest genetic counseling, the patient gave her consent to the molecular analysis. Genomic DNA was extracted from a peripheral blood leukocyte sample using standard protocols. Transforming growth factor betainduced gene (TGFBI also known as BIGH3) whole coding region and exon junctions were analyzed by directly sequencing specific polymerase chain reaction (PCR) products on both strands. Dye terminator reaction sequences were loaded on a 3730AB (Applied Biosystems, Foster City, CA) automatic sequen cer. Sequences were assembled and compared to the reference
The study was performed with informed consent and following all the guidelines for experimental investigations required by the Institutional Review Board or Ethics Committee of which all authors are affiliated.
ABSTRACT
We report an atypical case of granular corneal dystrophy recurrence after deep anterior lamellar keratoplasty. We describe clinical features, histopathological analysis of the lamellar graft specimen and DNA analysis results. The slitlamp examination and histopathological findings from the graft specimen indicated the confinement of the typical deposits of granular corneal dystrophy deep in the graft interface area. This localization is atypical, since in most cases re currences in grafts tend to be initially superficial and situated in the epithelial or subepithelial corneal layers. Molecular genetic analysis revealed an already described mutation and a new intronic variant. The unusual localization and timing of this recurrence of granular corneal dystrophy after deep anterior lamellar keratoplasty suggests that corneal stromal keratocytes may play a role in the formation of granular deposits. 
Keywords

RESULTS
CliniCal findings
A 43yearold Caucasian female was diagnosed with advanced GCD. Best spectaclecorrected visual acuity (BSCVA) was 0.2 (20/100) for the right eye and 0.5 (20/40) for the left eye. In January 2000, she underwent deep anterior lamellar keratoplasty (DALK) on the right eye, with no complications. During the six month followup, BSCVA was 0.63 (20/30) and on slitlamp examination she presented an early recurrence of corneal opacities in the hostdonor interface (Figure 1 ). Progressive worsening of the disease required PK in March 2001 on the same eye. After two years, minor recurrence developed, initially involving the subepithelial corneal layers and later the superficial stroma. In October 2005, PK was performed on the left eye and minor epithelial recurrence was observed after a period of two years.
Histology report
Deep stromal deposits were observed at the hostdonor interfa ce. They were eosinophilic in tissue samples stained with hematoxylin and eosin and had a bright red color in samples stained with Masson trichrome (Figure 2 ). Sections stained with PAS and Congo red were negative and the granules lacked birefringence on polarization.
MoleCular genetiC analysis
Sequence analysis revealed the presence of TGFBI heterozy gous variants: i) the c.1663C>T transition resulting in the p.Arg555Trp mis sense substitution in the putative protein, already described in association with corneal dystrophy, particularly the GCD type 1 (Groenouw's type 1 granular corneal dystrophy) (1); ii) a novel intro nic variant IVS165T>C; iii) a number of known variants reported in dbSNP as polymorphisms (IVS6+119A>G, IVS7+47T>C, c.981A>G,  IVS1043A>G, c.1417C>T, IVS11252T>C, c.1620T>C, IVS12+23G>A,  IVS1371A>G, IVS1354T>A, IVS14+44T>C, IVS1573G>A) . The patient reported paternalside family history; however, we could not analyze her aged parents.
DISCUSSION
Mutations in the TGFBI gene on chromosome 5q31 are associated with phenotypically distinct corneal dystrophies, including GCD (1) .
The transforming growth factorbeta induced protein, also known as keratoepithelin (KE), is an adhesion protein which is strongly expres sed by the corneal epithelium, by other corneal cells in minor quan tities and is a component of the extracellular matrix in many tissues. It is secreted by corneal epithelial cells and can be found in normal stroma, covalently bound to type VI collagen. KE is a small molecule, about the size of albumin, which allows diffusion from its epithelial source to the stroma.
Cases of deep stromal involvement in suture canals and the hostdo nor interface have been reported (3, 4) , but are less common than superficial recurrences (2) . In our case, the opacities were aty pical as they recurred after a short period of time (6 months) and occurred only in the deep layers of the hostdonor interface. Nu merous mechanisms could explain this particular case. Mutated KE secreted by epithelial cells can diffuse across the grafthost junction and localize in the deeper stromal layers at the interface. Alteration of the host keratocytes might be responsible for the localization of the deposits in the stroma. Alternatively, host keratocytes could be directly responsible for the deposition of the material. Production of abnormal material has been reported after LASIK in patients with Avellino corneal dystrophy (5) and radial keratectomy in a pa tient with GCD (6) . In these cases, collagen damage may determine keratocyte activation, favoring the production of deposits, and an identical mechanism could be hypothesized for eyes that undergo DALK surgery.
In our patient, molecular analysis revealed the presence of se veral variants, mostly common polymorphisms; in addition the p.Arg555Trp mutation and a new intronic unclassified variant (IVS165T>C) were detected. The p.Arg555Trp has been reported several times and noticeably, if compared to other TGFBI mutations, it has been correlated with a lower severity (7) as assessed by age at first graft and time to recurrence. On the contrary, a higher degree of severity has been described in patients homozygous for the p.Arg555Trp. In our patient, we observed a rather severe phenotype, characterized by early onset and multiple recurrences; we would argue that the IVS165T>C, located near the splice acceptor site of intron 16 might possibly have a negative influence on the splicing process.
Great advances have been made in the characterization of stro mal corneal dystrophies, especially after the discovery of various mu tations in the TGFBI gene and the different phenotypic altera tions that can arise. Almost all studies point to an epithelial origin of the deposits, as KE is indeed produced by these cells. However, no studies have been able to explain how KE deposits accumulate in the stromal layers. Our case is unique because the deposits localize at the hostdonor interface over a short period of time, suggesting that the host keratocytes might play a role in the formation of the characteristic deposits. 
